Objectives: The present study was aimed at evaluating microbiological contamination of air in Ciechocinek and Ino wro cław -Polish lowland spa towns. Additionally, the impact of openair inhalatoria on the quality of air was evaluated. Material and Methods: Air samples were collected seasonally in the urban areas, in the recreation areas and in the vicinity of inhalatoria in both towns using impaction. The numbers of mesophilic bacteria, staphylococci, hemolytic bacteria and actinomycetes were determined on media according to the Polish Standard PN86/Z04111/02. The number of moulds was determined on media according to the Polish Standard PN86/Z04111/03. Results: While the highest numbers of micro organisms were noted at the sites located in the urban areas, the lowest numbers were noted in the vicinity of the openair inhalatoria. In all the investigated air samples the values of bioaerosol concentrations were below the recommended TLVs (≤ 5000 CFU×m -3 for both bacteria and fungi in outdoor environments). Location of the sampling site was invariably a decisive factor in determining the number of microorganisms in the air. Conclusions: The aerosol which is formed in the openair inhalatoria has a positive influence on microbiological air quality. Owing to a unique microclimate and low air contamination, Ciechocinek and Inowrocław comply with all necessary requirements set for health resorts specializing in treating upper respiratory tract infections.
INTRODUCTION
Air, as one of the main components of the environment, has a great influence on human health. Within one day an average person inhales approximately 10 000-12 000 l (12-14 kg) of air along with various contaminants, which is many times more than the amount of water they drink or food they consume. In addition to industrial contaminants (gases and dust), air always contains microbiological con taminants, including viruses, bacteria and fungal spores present in the air in a form of aerosol [1] [2] [3] . Due to the negative impact of various microorganisms on the health of humans, animals and plants, microbiological air contamination has become an issue of growing con cern [4, 5] . It must be additionally accentuated that it is the airborne transmission that constitutes the fastest way of spreading microbial contaminants [3, 6] . Apart from saprophytic microorganisms, air may also con tain numerous pathogenic, allergenic and toxigenic micro organisms which pose a serious health risk for humans [3] . Since entry of infections in humans includes pulmonary airway, mouth, nose (nasal cavity) as well as pharynx, an infection can be caused by airborne germs attached to dust particles or present in droplets as bioaerosols (droplet in fection) [7] [8] [9] . Microbiological air quality is of tremendous and rheumatic disorders, nervous system disorders, and female reproductive system diseases. Moreover, the openair inhalatoria (the graduation towers and the "Grzybek" (Mushroom)) fountain allow to treat a num ber of respiratory diseases including bronchitis and chronic inflammations of the pharynx, larynx, trachea, and Eustachian tube. Spectacular landscape and diversi fied plant life have also contributed to the town's status as a popular health resort. Located in the Great Poland Lakeland (52°47' N, 18°15' E), Inowrocław is one of the largest towns in the Kuyavia Pomerania Province (population of about 77 600). The town, a major economic centre, with welldeveloped chemical, mechanical engineering, glass and graphic arts industries, is also the 2nd largest (after Ciechocinek) low land spa in Poland. A wide range of spa treatments of fered by the local sanatoria are based on natural resources such as chloridesodium, bromide and magnesium brines leached from the local salt deposits, local bitter brine and peat mud. This spa town specializes in treating rheu matic, orthopedic, gastrointestinal and nervous disorders, cardiovascular diseases, and female reproductive system diseases. The graduation tower contributes greatly to the town's microclimate. The area in the immediate vicinity of the tower is separated from the urban area by an old park (established over a 100 years ago) [12] [13] [14] .
Sampling sites
In the case of Ciechocinek air samples were collected at the 8 following sampling sites: -in the urban area (3 sampling sites) -at the intersection of Kopernika street and Bema street, near the railway station in Kopernika street; -in the recreation area (5 sampling sites) -near Dom Zdrojowy (in the Park Zdrojowy), and in the immediate vicinity of the openair inhalatoria: near the "Grzybek" (Mushroom) fountain and near the graduation towers nr 1, 2 and 3.
importance in spa towns, particularly in those which offer various types of respiratory diseases treatment [10, 11] . Graduation towers -structures of blackthorn brushwood originally designed to increase concentration of salt in the saline solution (brine) -known to remarkably improve mi crobiological air quality, are currently used in spa towns as huge natural inhalatoria. Graduation towers are unique objects, therefore informa tion concerning their impact, especially in respect of en vironmental microbiology and public health, is not easily available in literature. Although they were built already in the 17th century, only few have remained in Europe, mainly in Poland and Germany. Graduation towers in Ciechocinek are the largest structures of this kind in Eu rope and the oldest in Poland; the one in Inowrocław is the second largest such a structure in Poland.
In view of the fact that Ciechocinek and Inowrocław are renowned spa towns specializing in respiratory diseases treatment (including upper respiratory tract infections, si nusitis, bronchiectasis, emphysema, chronic bronchitis and conditions resulting from pneumonia as well as bronchitis and chronic obstructive pulmonary disease -COPD), the present study aimed at evaluating microbiological air con tamination in these places, with special emphasis on the air quality in the vicinity of the openair inhalatoria. (Table 1) .
MATERIAL AND METHODS

Object of the study
Microbiological tests
Microbiological tests were aimed at determining the num ber of the following microbial groups: -mesophilic bacteria -in accordance with the Polish Standard PN89/Z04111/02, the bacteria were cultured on PCA medium for 48 h at 37°C [17] , -mannitol positive staphylococci -in accordance with the Polish Standard PN86/Z04111/02, the bacteria were cultured on Chapman medium for 48 h at 37°C [17] , -hemolytic bacteria -in accordance with the Polish Standard PN86/Z04111/02, they were cultured on blood agar for 48 h at 37°C [17] , -actinomycetes -in accordance with the Polish Stan dard PN86/Z04111/02, the bacteria were cultured on Pochon medium for 5 days at 26°C [17] , -moulds -in accordance with the Polish Standard PN86/Z04111/03, they were cultured on CzapekDox medium for 5 days at 26°C [18] . All the tests were performed in triplicate in or der to minimise errors resulting from random sam pling. The results were calculated as colony forming units in 1 m 3 (CFU×m -3 ) and subjected to statistical On the other hand, MAS100 is more efficient when collecting larger fungal spores [16] . Selected meteorological parameters including air tem perature, relative humidity and wind speed were also the vast majority of air samples collected in the urban and recreation areas in Ciechocinek were moderately conta minated with actinomycetes (75% and 62.5%, respectively) compared to 50% of air samples collected in the vicinity of the openair inhalatoria, which were uncontaminated. The majority of air samples collected in the urban and recre ation areas in Inowrocław were moderately contaminated with actinomycetes (62.5% and 50%, respectively), while the majority of air samples collected in the vicinity of the openair inhalatoria were uncontaminated (71% of the samples). According to the Polish Standard PN86/Z04111/03 [18] , all the air samples collected in Ciechocinek were uncon taminated with moulds compared to 25% of the air sam ples from the urban and recreation areas in Inowrocław, which were moderately contaminated. The remaining air analysis using Statistica 6.0 software. Concentrations of airborne microorganisms in the lowland spa towns depending on research series (seasons) and sampling sites were characterized using arithmetic means and range of values. The 2way ANOVA analysis was used to determine effects of seasons and sites of sampling on the level of microbial aerosol. Results were con sidered statistically significant if p value was smaller than 0.05 (p< 0.05).
RESULTS
In both towns, the highest average numbers of microor ganisms in all microbial groups were noted at the sites lo cated in the urban areas. The lowest average numbers were noted in the vicinity of the openair inhalatoria (Table 2 ). These differences were statistically significant (p < 0.05). All air samples (i.e., collected in both towns, in all seasons) may be classified as uncontaminated with mesophilic bac teria (Table 3) . Air samples from the majority of sampling sites were mo derately contaminated with hemolytic bacteria (62.5-100% of all the tested samples). However, in the vicinity of the samples from Inowrocław, including those collected in the vicinity of the inhalatoria, may be classified as uncontami nated with moulds ( Table 4 ). The analysis of variance (ANOVA) indicated that the number of bacteria from the majority of bacte rial groups depended on the location of the sampling site, while the number of moulds depended on the sea son (Table 5) . Additionally, in Ciechocinek there was Range of values (CFU×m respiratory tract infections (asthma, COPD, chronic voice disorder), which are currently a major social issue. Since pulmonary rehabilitation emphasises the impor tance of outdoor activity, air in health resorts, especially in the case of patients suffering from respiratory diseases, should be of high quality. No major sources of air pollu tion should be located in the immediate vicinity of the resort treatment places [10, 11, 20] . According to the Act of 28 July 2005 on spa health care, health resorts and ar eas of spa conservation, a spa municipality is obliged to contribute to maintaining its unique properties, including meeting air quality standards [21] . Due to different environmental requirements of patho genic microorganisms it is difficult to select one effective method to eliminate unwanted microorganisms from the air [22] . Graduation towers have been gaining popular ity as an effective method of improving microbiological air quality. In recent years new structures were built in Inowrocław (2001), BuskoZdrój (2008) and Rabka (2009) and the one in Gołdap was completed in 2013. The re sults presented in the study confirm the positive impact of graduation towers on microbiological air quality. Signifi cantly higher numbers of mesophilic bacteria were noted in the urban areas than in the vicinity of the openair in halatoria. Similar results have been previously obtained by Burkowska and Donderski [23, 24] , Burkowska et al. [25] in Ciechocinek, and by Burkowska and Donderski [26] in Inowrocław. Saline aerosol formed in graduation towers reduces the number of microoganisms in the air in their vicinity. Saline droplets accelerate the sedimentation of impurities pres ent in the air, including microbial cells [27] . Furthermore, apart from Cl -and Na + ions saline aerosol contains F + , Br + , J + and B + ions, which considerably enhance its bacte ricidal properties [28] . The research conducted in subter raneotherapy chambers in Bochnia and Wieliczka [29, 30] and inhalation chamber in Szczawnica [31] have con firmed the role of saline aerosol in improving air quality.
DISCUSSION
Natural therapies such as balneotherapy, hydrotherapy or climatotherapy help and complement conventional medicine. In Poland, approximately 350 000 patients re ceive natural spa treatments in 43 spas, primarily oriented towards: treating, preventing and rehabilitating chronic illnesses [19] . Physiotherapy and prevention offered by spas may greatly contribute to the treatment of the upper According to the Polish Standard PN86/Z04111/03 [18] , air in Ciechocinek may be classified as uncontaminated with moulds. The vast majority of the air samples from Inowrocław also proved to be uncontaminated. The re sults obtained in Bochnia and Szczawnica [30, 31] indicate a low number of moulds also in outdoor environment. Most importantly, the number of moulds in the contami nated samples never exceeded 10 000 CFU×m -3 (high contamination, threatening for the environment). The re sults obtained by Bugajny et al. [38] indicate much higher contamination in Poznań: the highest recorded number of moulds amounted to 16 000 CFU×m -3 . In the investigat ed spa towns the highest numbers of moulds were noted at the sampling sites located in the urban areas. Filipiak et al. [37] have also recorded higher numbers of moulds at sampling sites located in the centre of Poznań. How ever, the results obtained by Kasprzyk and Worek [49] contradict these observations: they have recorded higher numbers of moulds in the rural than in the urban areas (Rzeszów). The method of sampling proved to be critical for recov ery of microorganisms from bioaerosol. Impaction is at least as efficient as other sampling methods for bioaero sol collection. The most common problem is poor effi ciency of collection on the agar surface -smaller particles (0.5-1 μm) with insufficient mass, and hence low inertia, are not thrown onto the agar and pass through the air sampler [16] . The AGI30 impinger and 6stage Ander son sampler have been shown to be the most efficient col lectors of airborne microorganisms (about 5 and 2 times more efficient than a MAS100) [50, 51] . However, collec tion efficiency amounting to about 50% is perfectly ac ceptable if the efficiency is known and the variation in the results is low. Therefore, the Merck MAS100 microbial air sampler is efficient and convenient for routine evalua tion of the outdoor air quality [52, 53] . Many authors have emphasised the fact that the number of microoganisms in the air fluctuates and depends on
The results obtained by Walczak et al. [32] indicate a sub stantial reduction in the number of E. coli and S. aureus bacteria incubated in the brines from Ciechocinek.
The above results indicate that certain characteristic fea tures typical of spa towns (no industry, no dense housing, large green areas) have a beneficial effect on the micro bial air quality in Ciechocinek. Average numbers of the main microbial groups (mesophilic bacteria and moulds) were lower in Ciechocinek than they were in Inowrocław. Also in other typical spa town, a low air pollution with bio aerosol is usually recorded [30, 31] . Fang et al. [33] have revealed that microbiological air contamination correlates with the population density and economic activity, and is therefore higher in urban than in rural areas [34] .
As it was shown, the air in both spa towns, even in their urban areas, may be classified as uncontaminated com pared to the air in large, densely populated urban agglom erations. In all the investigated air samples the values of bioaerosol concentrations were below the recommen ded TLVs, which is 5000 CFU×m -3 for both bacteria and fungi in outdoor environments [35] . For example, Abdel Hameed et al. [36] have noted 1800 CFU×m -3 of bacte ria in Wadi Hof near Cairo, Filipiak et al. [37] as well as Bugaj ny et al. [38] have noted 13 000 CFU×m -3 of me sophilic bacteria in Poznań in the summer, while Fang et al. [33] have noted up to 22 000 CFU×m -3 of mesophilic bacteria in Beijing in the areas of high population density and heavy traffic. Bioaerosol in urban areas may contain as many as 1800 bacterial species, including those patho genic ones [34, 39, 40] . Moulds, an important microbial factor, substantially influ ence air quality. Considered main aeroallergens [41] [42] [43] , they are particularly dangerous for people who suffer from chronic respiratory diseases. Yet remarkably, fungal spores and mycelial fragments are among the most fre quent aeroallergens [44] [45] [46] [47] , with highly allergenic Cladosporium, Alternaria, Penicillium, Aspergillus spores top ping the list [48] .
IJOMEH 2014;27(4) 567 requirements set for health resorts specializing in trea ting respiratory diseases. Aerosol formed in the graduation towers has a positive impact on microbiological air quality, which is confirmed by the results indicating substantially lower numbers of microorganisms in the areas located in the vicinity of these openair inhalatoria. Building graduation towers is an effective method for the microbiological air quality improvement in spa towns, es pecially in the immediate vicinity of these structures. The number of microoganisms in the air in both towns depend ed primarily on the location of the sampling sites; whereas seasonal variability of meteorological conditions played a less significant role. many factors such as: climate [5, 54] , human activity [55] , air pollution [56] and the vegetation season [57] . The fluctuations can occur slowly over a long period of time (season) or rapidly within a day [36, 58] . The analysis of variance showed that the numbers of bacteria belonging to the majority of bacterial groups depended primarily on the location of the sampling site. Similar results have been obtained by Bowers et al. [59] , who have revealed that these are local sources of con tamination that play a major role in shaping the structure of bacterial community in the air, rather than temporary weather changes. Moreover, the results obtained by Ravva et al. [40] and Bowers et al. [59] are similar to the results of the present study and indicate that temperature is the only climate condition which influences bacterial community. The number of bacteria in cities has particularly high spa tial variability because microoganisms are often released from the linear emission sources (traffic routes) and area sources (sewage treatment plants). Seasonal fluctuations in the number of microorganisms are less considerable when compared to more natural environments such as parks or forests [33, 60, 61] . The re sults of the present study indicate that moulds were the only microbial group the number of which depended on the season. On the other hand, Brodie et al. [39] state that climate conditions may have a more considerable impact on shaping microbial community in the air com paring to the location. Maron et al. [62] have stated that the number of bacteria in the air in cities shows short term (daily, weekly) variability, depending on anthropo genic sources, while longterm variability (seasonal) is caused by climate conditions.
CONCLUSIONS
Owing to a unique microclimate and low microbiological air contamination in the surroundings of inhalators and recreation areas, Ciechocinek and Inowrocław meet the
